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ABSTRACT 

Energy levels, lifetimes, and transition probabilities for transitions between 
computed levels of 3d^ of Fe IV are reported. The E2 and Ml transition probabili- 
ties are compared with earlier theoretical results, often only the values published 
by Garstang in 1958. From the available astronomical observations of optical 
emission lines arising from the same level, a few direct tests are now possible and 
they show consistency with the theoretical calculations. 

Subject headings: Atomic processes — transition probabilities 



1. Introduction 

Triply ionized iron Fe^^ is expected to 
be a significant fraction of gaseous iron in 
many nebulae. Indeed, Fe^+ may be the 
dominant ionic state of Fe in many nebu- 
lae, including H II regions and planetary 
nebulae (PNs). For instance, in two in- 
dependent photoionization models of the 
benchmark Orion Nebula, the fractional 
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ionization <Fe'^"''> was predicted to be 
0.744 by Baldwin et al. (1991) and 0.533 
by Rubin et al. (1991a, b). Naturally, in 
order to get a grip on iron abundances, it 
is important to treat the dominant ionic 
component. To interpret observations of 
emission lines of [Fe IV], it is necessary 
to have reliable atomic data, including ef- 
fective collision strengths (Fe^+ with elec- 
trons) and transition probabilities (Ein- 
stein y4- values) . These atomic data are im- 
portant for interpreting astronomical ob- 
servations over a wide spectral range from 
the ultraviolet to the infrared. 

In our earlier paper (Froese Fischer & 
Rubin 1998), we provided A- values for 
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transitions between the 12-lowest energy 
levels. Effective collision strengths had 
just become available for these 12-lowest 
levels (Berrington & Pelan 1995, 1996). 
Although there were A-values available 
from Garstang (1958), improvements in 
the state-of-the-art made it worthwhile 
to recalculate a complementary set that 
would permit a solution for the detailed 
population statistical equilibrium for the 
12-level atom. This depends on the elec- 
tron density {Ng) and electron temperature 

One of the motivating factors in our 
1998 paper was to provide improved A- 
values for a set of transitions involved in 
the determination of the intensity of the 
UV [Fe IV] 2836.56 A line measured with 
the Hubble Space Telescope (HST) in the 
Orion Nebula by Rubin et al. (1997) - the 
first detection of an [Fe IV] line in an H II 
region. They had measured the fiux of 

[Fe IV] (3rf5 4P5/2 ^ 3rf5 6^5/2) \vac = 

2836.56 A and set an upper limit on the 
sum of fluxes of [Fe IV] (3^^ ^1^5/2,3/2 ^ 
3d^ ^^5/2) Kac = 2568.4, 2568.2 A. ' 

Unfortunately, Fe^+ does not have in- 
trinsically bright lines under nebular con- 
ditions. Recently there have been measure- 
ments of some optical lines of [Fe IV] (e.g., 
Rodriguez 2003). Rodriguez found for five 
nebulae that the Fe^+ abundance derived 
from observations of [Fe IV] lines was sys- 
tematically lower than expected. This is 
in the same direction as found earlier by 
Rubin et al. (1997) for the Orion Nebula. 

In their study of the bipolar PN Mz 3, 
Zhang & Liu (2002) measured five opti- 
cal [Fe IV] lines as well as several lines of 
[Fe III]. They found evidence for high 
in the Fe"'"^ region of log A^e(cm~^) = 6.5. 



They also suggested that Ne in the central 
emitting core could be even higher. An 
interpretation of those data would benefit 
from improved A-values, particularly when 
dealing with higher density gas where the 
statistical equilibrium for the energy level 
populations depends critically on the tran- 
sition rates. 

Most, if not all, of the optical [Fe IV] 
lines observed astronomically arise from 
energy levels above the 12-lowest levels for 
which we calculated A- values (Froese Fis- 
cher & Rubin 1998). These optical, as well 
as IR, lines originate from energy levels 
above the *^D-levels (beginning with level 
13). 

Zhang & Pradhan (1997) extended the 
calculation for [Fe IV] effective collision 
strengths to a 140-level atom (49 terms 
up to 15 Ryd). Because of the availabil- 
ity of these data and the need to consider 
higher levels to interpret/predict most of 
the [Fe IV] lines that are being observed, 
we are making these new, improved A- 
value computations including 16 terms, 
which comprise the 37 lowest-lying energy 
levels (below 1 Ryd). 

The goal of our earher publication was 
to predict transitions probabilities in emis- 
sion from 3d^ , '^P . and '^D to the 
^'S'5/2 ground state. In the process, tran- 
sition probabilities were also computed 
for transitions between the levels of the 
terms. Four theoretical methods 
were compared and best estimates iden- 
tified. Frequently these were the mul- 
ticonfiguration Hartree-Fock with Breit- 
Pauh (MCHF+BP) results, though not 
always. The multiconfiguration Dirac- 
Hartree-Fock with the Breit (MCDHF+B) 
correction was selected in some cases for 
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magnetic dipole (Ml) transitions. In a 
few instances, a semi-empirical method 
based on orthogonal operator techniques 
(Raassen & Uylings 1996) was selected. In 
this paper we extend the Breit-Pauli work 
to include all levels of the 3d^ configuration 
up to 1 Rydberg. 

2. Computational Procedure 

In the Breit-Pauli approximation, the 
wave function, \E', is a linear combination 
of configuration state functions (CSF) of 
the form 

niJ) = Y.Y.^^(LSjm^,LSJi (1) 

LS j 

where 7 usually represents the dominant 
configuration and any additional quantum 
numbers required for uniquely specifying 
the state. The CSFs, ^{^jLSJ), for a con- 
figuration and coupling 7^, term LS", and 
total angular momenta L and S coupled 
to J, are built from a basis of one-electron 
spin-orbitals, 

(t>nlmims^'^Pnl{r)yimi{0,^)Xms- (2) 

The expansion coefficients, Cj{LSJ), and 
the corresponding energy, E(LSJ), are an 
eigenvector and eigenvalue, respectively, of 
the interaction matrix of these CSFs as de- 
fined by the Breit-Pauli Hamiltonian. The 
evaluation of the matrix elements is con- 
siderably simplified if the spin-orbitals are 
orthonormal, which means that, for a given 

the radial functions Pni{r) must be or- 
thonormal, and that the same radial func- 
tions must be used to represent the differ- 
ent terms. 

In this approximation, the configu- 
ration states in the expansion and the 



spin-orbitals are determined from non- 
relativistic calculations. The multiconfigu- 
ration Hartree-Fock (MCHF) method was 
used for this purpose, extended to obtain 
the "best" radial functions for the set of LS 
terms. In all the present work ls^2s^2p^ 
was considered an inactive core. 

Typically, the different terms of a con- 
figuration that interact through relativis- 
tic operators for one or more J values are 
grouped and the radial functions optimized 
for the group. But many of the transitions 
among the levels of 3d^ are spin-forbidden. 
These transitions arise from small admix- 
tures of quartet components to doublet lev- 
els and vice versa. Thus even small ad- 
mixtures required terms to be in the same 
group. What compounded the difficulty in 
this case was the fact that CSF inter- 
acts strongly through a coulomb interac- 
tion with the iD CSF. (In this notation, 
the subscript preceding the LS term is the 
seniority of the term. We will include se- 
niority only when it is necessary to distin- 
guish different terms.) The former is the 
dominant component of a term low in the 
spectrum whereas the latter is a dominant 
component for a term high in the spec- 
trum. At the same time, the "^F and iF 
interacted strongly, as well as others. In 
order not to miss small relativistic interac- 
tions, it was decided to include all levels 
in one group, but omit optimization of or- 
bitals for the ground state which contains 
considerably less correlation than the other 
levels. 

With this in mind, a multi-reference set 
was created for each term that included the 

3p — > 4p and 3d — * 4d replacements from 
3s'^3p^3d^ to allow for term dependence of 
the 3p and 3d orbitals. Calculations were 
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performed with orbital sets of increasing 
size with the n = 4 orbital set including 
all occupied orbits as well as 4s, 4p, 4d, 4/. 
The n = 4 expansion for a given term was 
obtained through single (S) and double (D) 
excitations from the multireference set to 
the n = 4 orbital set. For n = 5,6,7 the 3s 
shell was kept inactive, and SD excitations 
with at most one excitation from the 3p^ 
subshell were added to the n — A expan- 
sion. Given that each of these expansions 
was fairly long and that there are 13 terms, 
it was necessary to eliminate the small con- 
tributors to an LS expansion. MCHF cal- 
culations were performed for each LS term 
and expansions condensed in that configu- 
ration state functions with an expansion 
coefficient less than 0.00001 were elimi- 
nated. Once these expansions had been ob- 
tained, simultaneous optimization was per- 
formed for all twelve terms (omitting ) 
to obtain radial functions. 

Once the radial basis had been deter- 
mined, the Breit-Pauli interaction matrix 
was determined including all LS terms. 
The results define our ab initio energies. 

When observed energy level data are 
available, transition probabilities, Aj^i, can 
be improved by various energy adjust- 
ments. The first such adjustment is one 
that corrects for the transition energy. 
Let r = AEobs/^E^aic- Then Aki{adj) = 
r"^A]^i(calc), where ni = 3 for Ml transi- 
tions and m = 5 for electric quadrupole 
(E2) transitions. This adjustment is the 
most straight forward, but for Breit-Pauli 
calculations where we have the mixing of 
different LS terms, this mixing itself is af- 
fected by the "term energy separation." 
Though it is possible, in simple cases, to 
correct a computed Aki for such an error, it 



is simpler to first adjust the LS term ener- 
gies in a Breit-Pauli calculation so that, for 
selected J values, the separation of terms 
is in close agreement with observed. Typi- 
cally, this is done by first determining en- 
ergies without an adjustment, noting the 
deviation from observed for the J values 
of different terms, selecting a J value from 
each term for adjusting all levels of a term, 
and then modifying the diagonal energies 
of all CSFs associated with a given LS by 
this amount. Unless selected J values are 
exceedingly close, just one such iteration 
brings energies into close agreement with 
observed. It usually does not change the 
"spread" of a term, the difference in en- 
ergy between the highest and lowest level 
of a term. But 3d^ being a half-filled shell, 
there is no diagonal spin-orbit interaction 
and fine-structure splitting is more com- 
plex. We refer to calculations where only 
the diagonal energies have been changed 
as "adjusted". Because there are as many 
as three terms with the same LS value, as 
for the ( ^D, iD, and ^D, where the 
preceding subscript is the seniority), the 
adjustments were done in groups in order 
of energy: 

1. ^S - 

2. iH - iF 

3. 2^ - iD 

4. 3^ - ?D 

Table 1 reports the final spectrum, the 
splitting relative to the lowest level of the 
LS term, and the difference with observed 
(NIST Atomic Spectra Database, Physical 
Reference Data, http://physics.nist.gov). 
Since the adjustment involves only one J 
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of a term, not all levels are in close agree- 
ment with observed. The largest deviation 
from the observed spectrum was 115 cm~^ 
in an excitation energy of 50,051 cm~^. 

3. Analysis of energy levels 

Though the differences in our energies 
relative to observed are not large, they 
do indicate that the fine-structure split- 
ting has not been determined accurately. 
If a term is simply shifted relative to the 
ground state, then the difference with ob- 
served should be essentially constant. In 
the quartet terms, the levels are not always 
in the correct order. For example, the ob- 
served order of levels of ^ is (11/2, 9/2, 
5/2, 7/2), the present order is (11/2, 5/2, 
7/2, 9/2) whereas the order in Garstang's 
semi-empirical work was (5/2, 7/2, 11/2, 
9/2). All levels are close together, with 
the observed spread being only ~60 cm^^. 
However, the splitting within a multiplet is 
only important for the transitions within a 
multiplet, determining the order and the 
wavelength. The length form of the line- 
strength (S) is largely independent of the 
energy. 

Table 1 shows that the wave functions 
for many levels have a composition that 
includes a number of LS terms at the 1% 
level. The first number is the percentage 
composition of the dominant configuration 
state function. Many are listed as 95-96%. 
The remaining composition represents cor- 
relation effects and small relativistic inter- 
actions. But some levels have a highly 
mixed composition and the accuracy of 
transition probabilities, particularly spin- 
forbidden transitions, from such levels de- 
pends on how well the composition of the 
wave function is represented. The accuracy 



of this mixing can be assessed to some ex- 
tent by the accuracy of the spectrum for 
a particular J and the separation between 
levels. An important value is J = 5/2 and 
in Table 2 these energy levels are hsted 
along with the separation of a particular 
level from the previous one. The present 
adjusted energy separations are compared 
with observed separations and those de- 
rived by Garstang (1958). Considering the 
incomplete identification of the spectrum 
at the time of Garstang's work, his re- 
sults are remarkable. Table 2 shows im- 
mediately that a potentially strong mix- 
ing of the 3F and configuration states 
may occur for J = 5/2, with a separation 
of only 671 cm~^ between the energies of 
these two terms. This separation has been 
reproduced with an error 1.5%, though it 
needs to be remembered that these are ad- 
justed values. The ab initio separation was 
894 cm-^ 

Close levels of the same J are sensitive 
to the separation and so this can be used 
as a test for accuracy, but strong mixing 
can also occur simply because of a large 
off-diagonal matrix element in the Breit- 
Pauli Hamiltonian. In Table 1, we note the 
strong mixing of the with the nearby 
term for J = 5/2, but the strongest 
mixing is between and for J = 5/2 
though this separation is larger. 

4. Comparison of calculated transi- 
tion probabilities 

The complete set of transition prob- 
abilities between all the levels of our 
energy adjusted data can be found at 
http : //atoms . vuse . vanderbilt . edu. 
Transition probabilities between many lev- 
els are reported in the Appendix with the 
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wavelengths corrected to agree with ob- 
served and the oscillator strengths (fik) 
and Aki modified accordingly. This latter 
correction was only important for transi- 
tions within a multiplet. The Appendix is 
available as a machine-readable Table in 
the electronic edition. 

In order to assess the accuracy of these 
results, wc compare the present transi- 
tion probabilities between the IS , '^P , 
and for which our previous publica- 
tion had compared four different theoret- 
ical approaches: Garstang's early calcula- 
tions (Garstang 1958), the semi-empirical 
orthogonal operator method (Raassen & 
Uyhngs 1996), an MCHF with Breit-Pauh 
(MCHF-I-BP) method, and a multiconfig- 
uration Dirac-Hartrce-Fock method with 
a Brcit (MCDHF+B) correction, and the 
most reliable value identified. E2 transi- 
tion probabilities are compared in Table 3 
and Ml transition probabilities in Table 4. 
Though our previous calculations were not 
as ambitious as the present, MCHF+BP 
was often identified as the most reliable, 
but for some Ml transitions MCDHF-^B 
was selected and for some E2, the results 
by Raassen & Uylings (1996). The present 
results are often similar to the earlier ones, 
but some small values are now closer to 
those of Raassen & Uylings, possibly be- 
cause more term mixing was taken into ac- 
count. An example is the ^5*5/2 - ^7/2 E2 
value which previously was computed to 
have a transition probability of 5.27x10"^^ 
has now become 3.32x10"^. The latter is 
in excellent agreement with the orthogo- 
nal operator value of 3.18 xlO~® that for- 
tuitously had been selected as the most re- 
liable. 

For the transition probabilities for the 



newly included terms, the only other val- 
ues are those reported by Garstang (1958) 
in his Table 111, but only up to level 33. 
In Table 5 we present only those multi- 
plets arising from higher levels than those 
shown in Tables 3 and 4 and that give rise 
to an optical emission line that may pos- 
sibly have been seen astronomically. As 
shown in Table 5, for spin-allowed transi- 
tions, some results are in excellent agree- 
ment with the Garstang values. There 
are five transitions for which very small 
values (no larger than 3.41x10^"*^^ s^-*^) 
are given in Garstang but not in the Ap- 
pendix. We calculate that all of these are 
now less than 5.3x10"^^ s~^ and neghgible. 
For these or other transitions not listed 
in the Appendix, they are available from 
http : / / atoms . vuse . vanderbilt . edu. 
Again, the web site values have not been 
adjusted to observed wavelengths, and the 
steps mentioned in section 2 should be fol- 
lowed to modify A^i. 

In conclusion, by including the Breit- 
Pauli interactions between all the terms of 
3d^, the calculations are more complete. 
Some E2 transition probabilities for tran- 
sitions among the four lowest terms re- 
main similar but others have come closer 
to semi-empirical values. An example is 
the ^ -^P multiplet. 

5. Comparison with observations 

Because of the inherent faintness of the 
[Fe IV] lines, there is as yet very little 
data for a "direct" test of the A-values. 
One astronomical object that permits such 
a test is RR Telescopii, which is a sym- 
biotic nova (e.g., McKenna et al. 1997). 
In Table 1 of their paper, they have ob- 
servations of two emission lines arising on 
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the same level, for each of two different 
upper levels. All are within the 

multiplet. The first test is the in- 
tensity ratio of the 4903.07 A line to the 
4899.97 A line (rest air wavelengths from 
NIST). (These are hsted somewhat dif- 
ferently in the McKenna et al table as 
4903.50 and 4900.05.) These are respec- 
tively — > ^^7/2, 9/2- To facilitate 
comparison with the theoretical transition 
probabilities in our Tables, the vacuum 
wavelengths for these lines are 4904.44 and 
4901.34, respectively. 

The predicted line intensity ratio 
I(4903)/I(4900) is simply the ratio of the 
products of the line frequency and the A- 
value, where the A-value is the sum of 
E2 and Ml. According to the Appendix, 
the present predicted ratio is 1.10 which 
is close to that predicted by Garstang 
(1958) of 1.04. The observed ratio from 
McKenna et al. (1997) is 1.13, where 
F(4903) = 4.4 and F(4900) = 3.9 in units 
of 10"^"^ ergs cm^^ s^^. 

The second pair of observed lines in 
RR Tel permits a test of the intensity ratio 
of I(4907)/I(4918). The best (NIST), rest 
air wavelengths are 4906.56 and 4917.98 A 
(these are listed somewhat differently in 
the McKenna et al. table as 4906.70 and 
4918.10) and are respectively — > 
9/2 with vacuum wavelengths of 
4907.93 and 4919.35. The present pre- 
dicted line intensity ratio 1(4907) /1(4918) 
from the Appendix is 3.17, while the ratio 
from Garstang (1958) is 2.72. The ob- 
served ratio from McKenna et al. (1997) is 
2.39, where F(4907) = 9.1 and F(4918) = 
3.8 X 10~^^ ergs cm^^ s^^. However, this 
comparison does not account for a possible 
contribution of an Fe III line at 4918.00 A 



listed also as a possible identification along 
with the [Fe IV] line for their observed fea- 
ture at 4918.04 A (McKenna et al. 1997). 
That would lower both of the above pre- 
dicted ratios some undetermined amount. 

For one of the PNs that Liu et al. (2004) 
observed, NGC 6884, two emission lines 
of [Fe IV] from the same upper level are 
listed in their Table 3. These are the 
same pair of lines as was discussed above 
in the first instance for RR Tel. However, 
for NGC 6884, they list also possible 
identification for their observed feature at 
4903.32 A, a line due to [Fe VI] at 4903.30. 
This presumably is the "^P^/i tran- 

sition, which would be blended with any 
putative [Fe IV] 4903.07. 

Wc predict 1(4903)/I(4900) = 1.10 while 
Garstang transition probabilities predict 
nearly the same ratio (1.04). Liu et al. 
have observed fiuxes F(4899.21) = 0.012 
and F(4903.32) = 0.039 scaled to F(H/3) = 
100. Hence from the observed fiux ratio 
(3.2), one would conclude that the [Fe VI] 
4903.3 is the major contributor to the ob- 
served blend (subject to observational un- 
certainties). There are indeed other [Fe VI] 
lines they list as observed in NGC 6884. 
Besides the RR Tel data, to the best of our 
knowledge, this is the only other instance 
of astronomically observed [Fe IV] multi- 
ple lines that originate from the same level 
and thus in principle allow a direct test of 
the calculated Aki ratio. However, in this 
case, the test is not a clean one because of 
the likely blending of the [Fe IV] line with 
an [Fe VI] fine. 

It is beyond the scope of this paper 
to extract additional information from the 
current rather sparse number of [Fe IV] 
lines observed in a given nebula. To do 
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this involves a detailed population statisti- 
cal equilibrium set of equations that uses 
effective collision strengths as well as tran- 
sition probabilities to predict [Fe IV] line 
intensities as a function of N^. and T^. By 
providing this improved set of A-values, 
the ingredients to do such a calculation are 
in place. A machine-readable file is avail- 
able, by contacting either author by email, 
that provides the sum of the Ml -|- E2 tran- 
sition probabilities for the entries in the 
Appendix. 
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Table 1: Energy levels, their splitting, difference from observed (computed - observed 
(NIST)), lifetimes, and composition of the 3d^ levels. 



LS 


J 


Level (cm ^) 


Split. 


Diff. 


r (s) 






Composition (%) 




5/2 











96 








11/2 


32245.54 




0.04 




96 








5/2 


32260.47 


14.92 


-40.73 


4.653e+04 


96 








7/2 


32300.52 


54.98 


-5.18 


3.492C+05 


96 








9/2 


32307.06 


61.52 


14.26 


1.216e+05 


96 






4p 


5/2 


35229.91 




-23.87 


6.408e-01 


91 


+ 






3/2 


35362.69 


132.78 


29.39 


9.803e-01 


92 


+ 






1/2 


35399.47 


169.56 


-7.13 


4.177e+05 


95 


+ 


l^D 




7/2 


38778.87 




-0.53 


1.955e+01 


95 








1/2 


38918.56 


139.69 


21.86 


8.541e+00 


95 


+ 


lip 




5/2 


38968.60 


189.73 


33.50 


9.896e+00 


91 


+ 


44p 




3/2 


38973.28 


194.41 


2.68 


9.395e+00 


92 


+ 


3^P 


H 


11/2 


47081.28 




73.74 


1.014e+02 


95 








13/2 


47164.24 


82.96 


42.34 


3.280e+03 


96 






Id 


5/2 


49583.84 




114.59 


9.332e-01 


52 


+ 


25 3^^ + 19 




3/2 


50165.99 


582.15 


1.25 


2.145e+00 


69 


+ 


22 + 5^F 




7/2 


51395.45 




65.84 


1.211e-F00 


92 


+ 


l^F 1 iF 




5/2 


52232.54 


837.09 


-9.06 


1.085e-h00 


60 


+ 


18^F + 12, iD 'i^D 




9/2 


52611.64 




-9.06 


1.432C+00 


94 


+ 


2^ 




7/2 


52712.37 


100.74 


16.97 


1.464C+00 


93 


+ 


liF 




5/2 


52893.99 


282.35 


55.99 


1.071e+00 


76 


+ 


lOa^F + 7 iD + 2^D 




3/2 


52894.38 


282.75 


57.28 


1.219e-F00 


91 


+ 




O-r-r 


9/2 


56093.94 




35.64 


1.992e-h00 


79 


+ 


16^ 




11/2 


56421.86 


327.91 


53.06 


9.092C-01 


95 






do 


7/2 


57411.28 




3.28 


1.138C+01 


95 








9/2 


57743.98 


332.70 


22.78 


4.590e-|-00 


78 


+ 


n + l^i* 


IF 


5/2 


61129.72 




-26.78 


3.790e+00 


95 








7/2 


61258.00 


128.28 


3.60 


3.502e+00 


94 


+ 


liF 




1/2 


66720.76 




0.66 


1.024e+00 


95 






ID 


3/2 


74098.16 




1.56 


6.529e-01 


95 








5/2 


74147.52 


49.36 


14.42 


5.050e-01 


95 








9/2 


82895.92 




1.02 


1.543e-01 


95 








7/2 


82943.02 


47.10 


45.72 


1.458e-01 


95 








3/2 


100118.46 




0.46 


4.620C-02 


95 








1/2 


100119.61 


1.14 


-6.34 


4.512C-02 


95 






ID 


5/2 


108220.14 




-21.96 


5.295e-02 


72 


+ 


23 iD 




3/2 


108263.47 


43.32 


5.17 


5.266e-02 


72 


+ 


23 iD 
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Table 2: Comparison of J = 5/2 level sep- 
aration, in cm"^ 



Term 


Level 




Separation 




01 )s. 


Garstaiig 


Present 















32301 


32301 


32213 


32260 


4p 


35254 


2953 


2882 


2969 




38935 


3681 


3372 


3739 




49542 


10606 


10636 


10615 


iF 


52167 


2625 


2760 


2649 




52838 


671 


688 


661 


iF 


61157 


8319 


7764 


8235 




74133 


12977 


12919 


13018 




108242 


34109 


33744 


34073 
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Table 3: Comparison of normalized E2 transition rates Ajij (in s ^) in emission for different 
theories. 1) from Garstang (1958) and 2) from Raassen & Uylings (1997), MCHF+BP and 
MCDHF+B Froese Fischer & Rubin (1998) and Present (* denotes the previously recom- 
mended value). 



LS 


L'S' 


J 


J' 


Obs. E 


Semi-( 


5mpirical 


MCHF-FBP 


MCDHF-FB 


Present 










(cm-i) 


1) 


2) 


















7/2 


5/2 


2948.0 


2.3(-09) 


3.42 


'-09)* 


5.90( 


-13) 


1.01( 


-18) 


3.68( 


-09) 






5/2 


5/2 


2952.8 


1.4(-09) 


1.83 


'-09)* 


1.01( 


-13) 


6.99( 


-08) 


1.86( 


-09) 






9/2 


5/2 


2961.0 


6.4(-10) 


1.75 


-10)* 


2.63( 


-11) 


5.83( 


-08) 


7.50( 


-10) 






7/2 


3/2 


3027.0 


1.3(-09) 


6.22 


-10)* 


4.61( 


-11) 


1.07( 


-08) 


1.60( 


-09) 






5/2 


3/2 


3031.8 


8.5(-10) 


1.34 


-09)* 


6.89( 


-12) 


7.38( 


-08) 


1.30( 


-09) 








1/2 


3105.8 


3.4(-10) 


9.79 


-11)* 


2.91( 


-11) 


1.21( 


-06) 


4.02( 


-10) 


4p 




3/2 


7/2 


3446.0 


2.9(-06) 


4.65 


-06) 


4.73( 


-06)* 


3.06( 


-09) 


4.97( 


-06) 






5/2 


7/2 


3525.0 


4.9(-06) 


7.65 


-06) 


8.02( 


-06)* 


3.16( 


-09) 


8.41( 


-06) 






1/2 


5/2 


3528.0 


3.1 (-06) 


5.08 


-06) 


4.98( 


-06)* 


1.26( 


-07) 


5.21( 


-06) 








3/2 


3531.0 


1.8(-06) 


3.04 


-06) 


2.98( 


-06)* 


3.19( 


-07) 


3.01( 


-06) 






3/2 


1/2 


3564.0 


6.9(-06) 


1.23 


-05) 


1.15( 


-05)* 


9.70( 


-08) 


1.17( 


-05) 








5/2 


3602.0 


1.5(-07) 


2.26 


'-07) 


2.13( 


-07)* 


5.22( 


-07) 


2.46( 


-07) 








3/2 


3605.0 


3.3(-06) 


5.45 


'-06) 


5.17( 


-06)* 


2.04( 


-06) 


5.52( 


-06) 






5/2 


1/2 


3643.0 


9.9(-07) 


1.65 


-06) 


1.68( 


-06)* 


1.53( 


-07) 


1.64( 


-06) 








5/2 


3681.0 


5.5(-06) 


8.64 


'-06) 


8.59( 


-06)* 


7.11( 


-06) 


9.17( 


-06) 








3/2 


3684.0 


3.4(-06) 


5.65 


'-06) 


5.48( 


-06)* 


4.20( 


-07) 


5.60( 


-06) 






7/2 


7/2 


6473.0 


6.8(-07) 


1.17 


-06) 


3.62( 


-10)* 


4.97( 


-07) 


1.11( 


-06) 






5/2 


7/2 


6477.8 


5.2(-08) 


8.29 


-08) 


6.45( 


-11)* 


3.48( 


-08) 


7.42( 


-08) 






9/2 


7/2 


6486.0 


1.5(-06) 


2.85 


-06) 


2.61( 


-09)* 


1.49( 


-06) 


2.77( 


-06) 






11/2 


7/2 


6533.5 


1.7(-07) 


2.96 


-10) 


1.75( 


-08)* 


1.20( 


-06) 


2.59( 


-07) 






5/2 


1/2 


6595.8 


1.0(-07) 


2.84 


-08) 


1.67( 


-08)* 


1.56( 


-06) 


1.21( 


-07) 






7/2 


5/2 


6629.0 


l.l(-06) 


2.28 


-06) 


4.31( 


-09)* 


4.91( 


-07) 


1.99( 


-06) 








3/2 


6632.0 


6.0(-07) 


2.08 


-07) 


1.26( 


-08)* 


1.03( 


-07) 


9.19( 


-07) 






5/2 


5/2 


6633.8 


7.2(-07) 


1.28 


-06) 


4.84( 


-10)* 


1.07( 


-07) 


1.20( 


-06) 








3/2 


6636.8 


6.6(-07) 


1.52 


-06) 


4.95( 


-09)* 


2.21( 


-07) 


1.16( 


-06) 






9/2 


5/2 


6642.0 


6.7(-07) 


2.76 


r07) 


1.43( 


-08)* 


8.83( 


-07) 


1.09( 


-06) 




1G 


5/2 


9/2 


32293.0 


<1.0(-09) 


6.92 


;-12)* 


1.32( 


-09) 


1.27( 


-05) 


1.85( 


-09) 








5/2 


32301.2 


<1.0(-09) 


1.95 


'-08)* 


4.07( 


-11) 


6.09( 


-05) 


2.30( 


-08) 








7/2 


32306.0 


<1.0(-09) 


3.18 


-08)* 


5.72( 


-12) 


1.10( 


-05) 


3.32( 


-08) 




4p 


5/2 


5/2 


35254.0 


3.9(-05) 


4.26 


r05) 


3.10( 


-05)* 


4.01( 


-03) 


4.02( 


-05) 








3/2 


35333.0 


1.5(-05) 


1.99 


;-05) 


8.84( 


-06)* 


5.83( 


-01) 


1.21( 


-05) 








1/2 


35407.0 


v.s. 


1.67 


'-06) 


2.10( 


-07)* 


1.28( 


00) 


1.47( 


-07) 






5/2 


7/2 


38779.0 


l.l(-03) 


1.13 


'-03) 


1.18( 


-03)* 


4.40( 


-04) 


1.27( 


-03) 








1/2 


38897.0 


1.8(-04) 


1.97 


;-04) 


2.03( 


-04)* 


1.58( 


-02) 


2.17( 


-04) 








5/2 


38935.0 


1.0 (-03) 


1.09 


;-03) 


1.15( 


-03)* 


1.58( 


-03) 


1.23( 


-03) 








3/2 


38938.0 


6.2(-04) 


6.72 


;-04) 


6.86( 


-04)* 


2.64( 


-02) 


7.33( 


-04) 


Note.- 


- v.s. 


means very 


small in 


Garstang ( 


1958) 


compilation. 
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Table 4: Comparison of normalized Ml transition rates Ajij (in s ^) in emission for different 
theories. 1) from Garstang (1958) and 2) from Raassen & Uylings (1997), MCHF+BP and 
MCDHF+B Proese Fischer & Rubin (1998) and Present (* denotes the previously recom- 
mended value). 



LS 


L'S' 


J 


J' 


Obs. E 
(cm~^) 




Semi-empirical 
1) 2) 


MCHF-FBP 


MCDHF-FB 


Present 




4p 


7/2 


5/2 


2948.0 


1.5 


^-05) 


1.89( 


-05) 


8.02( 


-08) 


1.51( 


-05)* 


2.37( 


-05) 






5/2 


5/2 


2952.8 


6.8 


r05) 


1.04( 


-04) 


7.36( 


-07) 


7.90( 


-05)* 


1.32( 


-04) 






5/2 


3/2 


3031.8 


8.6 


;-06) 


1.33( 


-05) 


1.21( 


-07) 


9.79( 


-06)* 


1.71( 


-05) 


4p 




1/2 


1/2 


3490.0 


5.8 


;-02) 


6.51( 


-02) 


6.04( 


-02)* 


4.94( 


-02) 


7.07( 


-02) 






5/2 


7/2 


3525.0 


3.8 


;-02) 


4.26( 


-02) 


3.86( 


-02)* 


3.31( 


-02) 


4.56( 


-02) 






1/2 


3/2 


3531.0 


1.4 


;-03) 


1.89( 


-03) 


1.70( 


-03)* 


1.48( 


-03) 


2.20( 


-03) 






3/2 


1/2 


3564.0 


3.4 


;-02) 


4.00( 


-02) 


3.67( 


-02)* 


3.08( 


-02) 


4.47( 


-02) 








5/2 


3602.0 


3.5 


;-03) 


3.74( 


-03) 


3.59( 


-03)* 


2.92( 


-03) 


4.47( 


-03) 








3/2 


3605.0 


3.9 


;-02) 


4.30( 


-02) 


3.97( 


-02)* 


3.32( 


-02) 


4.73( 


-02) 






5/2 


5/2 


3681.0 


2.2 


;-02) 


2.46( 


-02) 


2.26( 


-02)* 


1.92( 


-02) 


2.62( 


-02) 








3/2 


3684.0 


1.8 


;-02) 


2.06( 


-02) 


1.83( 


-02)* 


1.61( 


-02) 


2.11( 


-02) 






7/2 


7/2 


6473.0 


7.6 


;-04) 


1.10( 


-03) 


2.12( 


-05) 


8.29( 


-04)* 


1.33( 


-03) 






5/2 


7/2 


6477.8 


7.6 


;-05) 


1.08( 


-04) 


2.18( 


-06) 


8.18( 


-05)* 


1.33( 


-04) 






9/2 


7/2 


6486.0 


6.3 


;-04) 


9.02( 


-04) 


1.46( 


-05) 


6.89( 


-04)* 


1.10( 


-03) 






7/2 


5/2 


6629.0 


v.s. 




2.51( 


-08) 


6.29( 


-09) 


2.66( 


-04)* 


1.68( 


-08) 






5/2 


5/2 


6633.8 


5.8 


'-04) 


8.64( 


-04) 


1.90( 


-05) 


6.82( 


-04)* 


1.01( 


-03) 








3/2 


6636.8 


2.8 


;-04) 


3.69( 


-04) 


7.92( 


-06) 


2.82( 


-04)* 


4.37( 


-04) 






5/2 


5/2 


32301.2 


1.0 


;-05) 


1.53( 


-05) 


8.78( 


-08) 


1.01( 


-05)* 


2.16( 


-05) 








7/2 


32306.0 


<1 


0(-07) 


3.78( 


-08) 


5.28( 


-10) 


1.42( 


-08)* 


5.72( 


-08) 




4p 


5/2 


5/2 


35254.0 


1.4 




1.42 




1.53^ 




1.17 




1.56 










3/2 


35333.0 


8.8 


:-oi) 


9.23( 


-01) 


9.98( 


-01)* 


7.59( 


-01) 


1.02 








5/2 


7/2 


38779.0 


2.0 


;-04) 


5.90( 


-04) 


7.18( 


-04)* 


2.44( 


-04) 


7.67( 


-04) 








5/2 


38935.0 


5.1 


;-02) 


5.69( 


-02) 


5.32( 


-02)* 


3.40( 


-02) 


6.64( 


-02) 








3/2 


38938.0 


3.8 


r02) 


2.75( 


-02) 


2.61( 


-02)* 


1.65( 


-02) 


3.33( 


-02) 



Note.- v.s. means very small in Garstang (1958) compilation. 
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Table 5 

Comparison with the Garstang values of some Aki for E2 and Ml 

TRANSITIONS BETWEEN HIGHER LEVELS. 



Multiplet 


9i 


9k 




E2 




Ml 


Present 


Garstang 


Present 


Garstang 


4q _ 2j 


8 


12 


1.14{-06) 


1.0(-06) 








10 


12 


2.61{-06) 


3.3(-07) 


2.32(-03) 


3.0(-03) 




10 


14 


8.81(-07) 


1.6(-06) 








12 


12 


3.28(-07) 


3.2(-07) 


7.54(-03) 


5.1(-03) 




12 


14 


7.65{-06) 


7.1(-06) 


2.85(-04) 


1.6(-04) 


*G - §D 


6 


4 


5.96{-03) 


3.7(-03) 


0.0151 


0.010 




6 


6 


3.70{-04) 


3. 3 (-04) 


0.176 


0.13 




8 


4 


2.09(-03) 


1.3(-03) 








8 


6 


7.37(-04) 


5. 9 (-04) 


0.171 


0.12 




10 


6 


2.65(-04) 


2.1 (-04) 






-Sf 


6 


6 


0.0134 


4.5(-03) 


0.140 


0.21 




6 


8 


9.04(-05) 


2.7(-05) 


0.0155 


0.015 




8 


6 


0.0229 


8.1(-03) 


0.463 


0.47 




8 


8 


8.43(-04) 


2.3(-04) 


0.0825 


0.080 




10 


6 


0.0120 


4.1(-03) 








10 


8 


1.57(-03) 


4.6(-04) 


0.569 


0.50 


%! - '^F 


12 


8 


5.21(-04) 


1.4(-04) 






6 


4 


0.195 


0.18 


0.157 


0.14 




8 


4 


0.0788 


0.071 








6 


6 


0.0621 


0.064 


0.287 


0.19 




8 


6 


0.109 


0.11 


0.0209 


9. 4 (-04) 




10 


6 


0.0594 


0.061 








6 


8 


6.59(-03) 


4.1(-03) 


0.0156 


0.014 




8 


8 


0.0713 


0.067 


0.156 


0.13 




10 


8 


0.155 


0.15 


0.0514 


0.039 




12 


8 


0.0436 


0.040 








6 


10 


8.88(-05) 


8.7(-05) 








8 


10 


3.92(-03) 


3.8(-03) 


0.0125 


0.0023 




10 


10 


0.0474 


0.045 


0.0733 


0.073 




12 


10 


0.223 


0.21 


0.160 


0.11 


^ - ■^H 


6 


10 


5.32(-08) 


1.9(-06) 








8 


10 


4.40(-05) 


3.4(-05) 


0.179 


0.13 




8 


12 


8.41 (-07) 


V.S. 








10 


10 


5.52(-04) 


4.8(-04) 


0.201 


0.042 




10 


12 


1.07(-07) 


7.8(-05) 


0.228 


0.61 




12 


10 


2.12(-03) 


1.3(-03) 


0.0150 


0.56 




12 


12 


6.30(-07) 


V.S. 


0.554 


0.47 


4P -gD 


2 


4 


2.50{-05) 


7.0(-06) 


0.0718 


0.065 




2 


6 


2.24{-07) 


l.l(-07) 








4 


4 


4.89{-05) 


2.0(-05) 


0.280 


0.25 




4 


6 


8.94(-06) 


5.9(-06) 


0.112 


0.10 




6 


4 


1.82(-05) 


7.3(-06) 


0.0763 


0.069 




6 


6 


8.50(-06) 


2.8(-06) 


0.594 


0.54 




2 


6 


1.02(-05) 


2.4(-05) 








4 


6 


1.32{-04) 


1.5 (-05) 


0.0157 


0.013 




4 


8 


2.42{-05) 


2.0(-05) 








6 


6 


2.79(-04) 


7.1(-05) 


0.101 


0.087 




6 


8 


7.97(-06) 


2.5(-07) 


5.87(-04) 


5 (-04) 
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Table 5 — Continued 



Multiplet 



9i 9k 



E2 



Ml 











Present 


Garstang 


Present 


Garstang 




- 9f 


2 


g 


1 2S('-ns"i 

J- .ijCj 1 UtJ ) 


5. 4 (-04) 










4 


g 


7.19{-04) 


3.0 (-04) 


0.0128 


0.021 






4 


8 


g Qi ^-05^ 

U.C/J-y yJ'-J J 


2 3(^-05") 












g 




7.1 (-04) 




0.022 






g 


8 




. o I wo 1 


0.0405 


0.034 






8 


g 


4 62(^-041 


1.9 (-04) 


8 72('-051 


7.2(-04) 






8 


8 


Q 54('-05') 


3 3f-05~) 


0.0994 


0.10 




- 


2 


4 






U. ±U 1 


n 1 n 






2 


fi 
o 




7 7( V['\'\ 










4 


4 


0.0151 


0.016 


0.177 


0.16 






4 


g 




4.1 (-03) 


0.0327 


0.023 






4 


8 


8 26^-03^ 


8 5^-03^ 










g 


4 


4 ^4^-0^^ 


4.5(-03) 


0.0432 


0.039 






g 


g 


0.0110 


0.012 


0.216 


0.18 






fi 
u 


Q 
O 






O.OZ^-UO J 








g 


10 




5.7(-03) 










8 


4 


1.92(-04) 


1.9(-04) 










8 


6 


1.95(-03) 


2.1(-03) 


0.0330 


0.028 






8 


8 


0.0102 


0.011 


0.120 


0.10 






8 


10 


0.0221 


0.023 


0.151 


0.14 




-§F 


4 


6 


5.08(-08) 


6.8(-08) 


0.111 


0.098 






6 


6 


1.34(-04) 


3.1(-05) 


0.0200 


0.016 






8 


6 


3.54(-06) 


7.2(-07) 


0.0399 


0.027 






10 


6 


2.18(-06) 


1.1 (-07) 










4 


8 


1.52{-08) 


3.3(-09) 










6 


8 


2.02(-05) 


5.4(-06) 


0.0242 


0.026 






8 


8 


2.78(-05) 


7.0(-06) 


0.0333 


0.013 






10 


8 


7.12(-08) 


4.7(-08) 


0.129 


0.11 


§G 




8 


8 


0.460 


0.40 


2.56(-04) 


V.S. 






10 


8 


0.0335 


0.028 


0.277 


0.0053 






8 


10 


0.0371 


0.033 


0.258 


0.029 






10 


10 


0.365 


0.29 


1.71(-04) 


0.017 


gF 




6 


4 


7.29(-03) 


7.1 (-03) 


0.102 


0.10 






8 


4 


1.38(-03) 


1.3(-03) 










6 


6 


1.11 (-03) 


1.3(-03) 


0.148 


0.18 






8 


6 


6.87(-03) 


7.2(-03) 


0.103 


0.10 




-SG 


6 


8 


0.0570 


0.055 


0.107 


0.091 






6 


10 


3.78(-03) 


2.9(-03) 










8 


8 


8.66(-03) 


7.1(-03) 


0.284 


0.22 






8 


10 


0.0583 


0.058 


0.109 


0.10 




Note.- v.i 


i. means very small in 


Garstang (1958) compilation. 
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Appendix: Selected multiplets with line-strengths, S, 
oscillator strengths, fik, and transition probabilities, Aki, 
based on observed wavelengths. 

Multiplet 



Terms 


9 




A (A) 




g 






J zfc 




( 




3d 


is 




6a B^ 
























"s 


\} 






3095 


.86 




604e 


08 




292e 


17 


2, 


.30e 


-08 








8 E2 


3095 


.43 


Q 


734e 


Qg 


Q 


gg^g 


17 


3 


.32e 


-08 










3096 


.87 














1 


.85e 


-09 










3095 


.86 














2 


.16e 


-05 








8 Ml 


3095 


.43 




e 






. oe- 




5 


.72e 


-08 


3d^ 


sS 




QjB 4p 
























"s 


*P 






2824 


.33 




705 


OS 




840 


17 


1 


.47e 


-07 








4 E2 


2830 


.19 




854e 


06 




719e^ 




1 


.21e 


-05 






Q 


6 E2 


2836, 


.67 




961e 


Q5 




g34g 


14 


4, 


.02e 


-05 










2830 


.19 














1 


.02e+00 






Q 


6 Ml 


2836 


.67 


7 


,938e 


—03 


1 


,886e— 


09 


1 


.56e+00 


3d^ 


is 




3d' in 
























"s 


*D 






2570 


.91 




344e 


08 


7 


185e 


14 


2, 


. 17e 


—04 








4 E2 


2668 


.17 


2 


923e 


Q4 




g43g 


13 


7, 


.33e 


—04 






g 


6 E2 


2668 


.38 


7 


354e 


—04 




2j8e 


12 


1 


23e 


Q3 










2678 


.89 














1 


27e 


—03 








4 Ml 


2668, 


.17 


g 


365e 


QC| 


2 


jgcjg 


11 


3, 


.33e 


-02 










2668 


.38 














6 


.64e 


-02 









8 Ml 


2678 


.69 


3 


,901e 


—06 


1 


,020e— 


12 


7 


.67e 


-04 


3d 


6c 



































4 E2 


1997 


.95 


3 


.307e 


—09 


1 


.168e— 


17 


2 


91e 


Qg 






6 


6 E2 


2018 


.61 


9 


.271e 


— 10 


3 


.163e— 


18 


6 


.16e 


-09 






6 


4 Ml 






2 


.451e 


—07 


8 


.289e— 


14 




.07e 


-04 






6 


6 Ml 


2018 


51 


3 


.148e 


-06 


1 


.051e- 


12 




.72e 


-03 


3d 


6c 




id' iF 
























6c 




6 


8 E2 


1916 


.93 


8 


.359e 


—08 


3 


.333e— 


16 


8 


.03e 


-07 






6 


8 E2 


1945 


.74 


5 


.419e 


—07 


2 


.059e— 


15 


2 


.72e 


-06 






Q 


6 Ml 






3 


.144e 


—07 


1 


.107e— 


13 




.Die 


-04 






6 


8 Ml 


1945 


74 


5, 


.005e 


-10 


1 


.734e- 


16 


2 


.29e 


-07 




B"^ 




3d' iF 
























"s 


*F 


6 


4 E2 


1892 


61 


2 


.238e 


-10 


9 


.268e- 


19 


2 


.58e 


-09 






6 


6 E2 


1892 


58 


8 


.331e 


-09 


3 


.450e- 


17 


g 


.40e 


-08 






6 


8 E2 


1897 


70 


1 


.427e 


-08 


5 


.850e- 


17 


g 


.12e 


-08 






6 


10 E2 


1900 


.39 


4 


.203e 


-07 


1 


.713e- 


15 




.90e 


-06 






6 


4 Ml 


1892 


.61 


9 


.368e 


-09 


3 


.340e- 


15 


9 


.32e 


-06 






8 


8 Ml 


1892 


.58 


1 


.848e 


-07 


6 


.587e- 


14 


1 


.23e 


-04 






6 


8 Ml 


1897 


.70 


8 


.169e 


-10 


2, 


.902e- 


16 


4 


.03e 


-07 




sS 


_ 


3d'" gH 
























°S 




6 


10 E2 


1783 


.88 


5 


.089e 


-09 


2, 


.513e- 


17 


3 


.15e 


-08 


3<^ 


is 


— 


3d' go 
























"s 


2(5 


6 


8 E2 


1741 


92 


8 


.241e 


-09 


3, 


.306e- 


17 


g 


.45e 


-08 






6 


10 E2 


1732 


.47 


1 


.395e 


-08 


7, 


.517e- 


17 


1 


.OOe 


-07 


3d^ 


bS 




3d' gF 
























"s 




■ 


6 E2 


1635 


16 


1 


.064e 


-09 


6, 


.800e- 


18 




.70e 


-08 






6 


8 E2 


1632 


54 


1 


.627e 


-08 


1 


.047e- 


16 




.96e 


-07 






6 


6 Ml 






8 


.177e 


-12 


2, 


.545e- 


18 




.35e 


-09 






6 


8 Ml 


1632 


.54 


5, 


.960e 


-12 


2, 


.456e- 


18 


4 


.61e 


-09 




is 


_ 


3d' gS 
























"s 




6 


2 E2 


1498 


.80 


1 


.894e 


-09 


1 


.574e- 


17 


1 


.40e 


-07 


3d'^ 


Is 




3d' iD 
























'S 




6 


4 E2 


1349 


.59 


1 


.685e 


-08 


1 


.804e- 


16 


9 


.91e 


-07 






6 


6 E2 


1348, 


.93 


5, 


.887e 


-08 


6, 


.716e- 


16 


2 


.46e 


-06 






6 


4 Ml 


1349 


.69 


9 


.232e 


-12 


4, 


.810e- 


18 


2 


.53e 


-08 






6 


8 Ml 


1348 


.93 


4, 


.099e 


-12 


2, 


.048e- 


18 


7 


.51e 


-09 


3d= 


is 




3d' go 
























"s 




6 


8 E2 


1208 


.31 


2 


.805e 


-08 


4, 


.479e- 


16 


1 


.54e 


-08 






6 


10 E2 


1208 


.35 


3 


.461e 


-07 


5, 


.517e- 


15 


1 


.52e 


-05 


3d'' 


b'S 




3d' gP 
























'S 


2p 


6 


2 E2 


998 


.74 


1 


.276e 


-07 


3 


.583e- 


15 


7 


.19e 


-05 






6 


4 E2 


998 


.82 


4, 


.447e 


-07 


1 


.249e- 


14 


1 


.25e 


-04 






8 


4 Ml 


998 


.82 


1 


.130e 


-10 


7, 


.627e- 


17 


7, 


.65e 


-07 


3d^ 


Is 




























'S 




6 


4 E2 


923 


.72 


3 


.076e 


-10 


1 


.092e- 


17 


1 


.28e 


-07 






6 


6 E2 


923 


.85 


7, 


.370e 


-11 


2, 


.814e- 


18 


2 


.04e 


-08 






6 


4 Ml 


923, 


.72 


8, 


.875e 


-10 


6, 


.476e- 


16 


7, 


.59e 


-06 






8 


8 Ml 


923 


.86 


1 


.033e 


-08 


7, 


.537e- 


15 


6 


.89e 


-05 


3d° 


*G 




























\} 


\} 


8 


8 Ml 


2.22e+07 


1 


.282e+01 


3, 


.459e- 


09 


3 


.94e 


-09 






10 8 Ml 


7.76e+06 


1 


.707e+01 


8, 


.911e- 


10 


1 


.24e 


-07 



Multiplet 
Terms Qi 



Type A (A) 



12 10 Ml 2.11e+06 1.307e+01 2.710e-09 3.73e-06 



3d' bG 

4q 4p 



3d° 
2 
4 



3d' iO 



3d'' 



iP 
E2 
E2 
E2 
E2 
E2 
E2 
Ml 
Ml 
Ml 



32201.97 
32980.44 
33868.45 
33029.46 
33920.15 
33772.37 
32980.44 
33868.45 
33920.15 



2.488e- 
1.816e- 
4.448e- 
2.250e- 
8.853e- 
1.784e- 
9.086e- 
1.137e- 
2.060e- 



2.154e- 
1.518e- 
3.259e 
1.356e 
4.671e 
7.398e 
1.900e- 
2.275e- 



-17 4.02e-10 

-16 1.30e-09 

-16 1.86e-09 

-16 1.60e-09 

-in 3.flSe-09 

-17 7.50e-10 

-12 1.71e-06 

-11 1.32e-04 

-12 2.37e-06 



6 


2 


E2 


15161, 


.85 


1 


.727e 


-04 


1 


.426e- 


15 


1 


.21e 


-07 


6 


4 


E2 


15067 


.05 


3 


.218e 


-03 


2 


.724e- 


14 


1 


.16e 


-06 


8 


8 


E2 


15074 


.09 


4 


.998e 


-03 


4 


.221e- 


14 


1 


.20e 


-08 


8 


8 


E2 


15438, 


.39 


4, 


.848e 


-04 


3, 


.803e- 


15 


7, 


.42e 


-08 


8 


4 


E2 


15077, 


.27 


2, 


.668e 


-03 


1, 


.596e- 


14 


9, 


.19e 


-07 


8 


6 


E2 


15084, 


.32 


8, 


.329e 


-03 


5, 


.183e- 


14 


1 


.99e 


-06 


8 


8 


E2 


15447, 


.12 


6 


.987e 


-03 


3 


.987e- 


14 


1 


.lie 


-06 


10 


8 


E2 


15065 


.03 


4 


.611e 


-03 


2, 


.239e- 


14 


1 


.096 


-08 


10 


8 


E2 


15418, 


.40 


1 


.726e 


-02 


7, 


.856e- 


14 


2 


.77e 


-08 


12 


8 


E2 


15304, 


.79 


1 


.665e 


-03 


6, 


.068e- 


15 


2 


.69e 


-07 


6 


4 


Ml 


15067, 


.05 


2 


.214e 


-04 


1 


.002e- 


11 


4, 


.376 


-04 


6 


8 


Ml 


15074 


.09 


7 


.894e 


-04 


3 


.479e- 


11 


1 


.016 


-03 


8 


8 


Ml 


15436 


.39 


1 


.447e 


-04 


6 


,357e- 


12 


1 


.336 


-04 


8 


8 


Ml 


15084 


.32 


1 


.283e 


-08 


4 


.328e- 


16 


1 


.886 


-08 


8 


8 


Ml 


15447, 


.12 


1 


.467e 


-03 


4, 


.772e- 


11 


1 


.33e 


-03 


10 


8 


Ml 


15416, 


.40 


1 


.191e 


-03 


3, 


.116e- 


11 


1 


.lOe 


-03 



3d' iG 



3d' iG 
^G 



8 


12 


E2 


6769. 


15 


1 


.741e 


-04 


1 


.180e- 


14 


1 


.14e 


-06 


10 


12 


E2 


8783. 


25 


3 


.9816 


-04 


2, 


.1466- 


14 


2 


.816 


-08 


10 


14 


E2 


6767. 


,81 


1 


.663e 


-04 


8, 


.550e- 


15 


8, 


.81e 


-07 


12 


12 


E2 


8741. 


88 


4, 


.9006 


-06 


2, 


.2396- 


15 


3 


.286 


-07 


12 


14 


E2 


8736. 


,27 


1 


.3276 


-03 


6 


.1686- 


14 


7 


.856 


-08 


10 


12 


Ml 


6763. 


25 


3 


.191e 


-04 


1 


.907e- 


11 


2 


.32e 


-03 


12 


12 


Ml 


8741. 


88 


1 


.0286 


-03 


5 


.1416- 


11 


7 


.646 


-03 


12 


14 


Ml 


8738. 


,27 


4, 


.5186 


-06 


2, 


.2726- 


12 


2 


.866 


-04 


— 3d' 5 


D 
























6 


4 


E2 


5633, 


74 


1 


.207e 


-01 


1 


.940e- 


11 


5 


.96e 


-03 


6 


6 


E2 


5800, 


36 


1 


.303e 


-02 


1 


.896e- 


12 


3 


.70e 


-04 


8 


4 


E2 


5835. 


17 


4 


.2356 


-02 


5 


.0886- 


12 


2 


.096 


-03 


8 


6 


E2 


5801. 


88 


2 


.5956 


-02 


2, 


.8126- 


12 


7, 


.376 


-04 


10 


6 


E2 


5797. 


,54 


9, 


.300e 


-03 


8, 


.053e- 


13 


2 


.66e 


-04 


8 


4 


Ml 


5833. 


,74 


3 


.9916 


-04 


4 


.8176- 


11 


1 


.616 


-02 


8 


8 


Ml 


5800. 


36 


7 


.8266 


-03 


8 


.9046- 


10 


1 


.786 


-01 


8 


8 


Ml 


5801. 


88 


7, 


.431e 


-03 


6, 


.492e- 


10 


1 


.71e 


-01 



3d^ 

^ ^F 



6 6 


E2 


5033. 


,85 


2 


.328e 


-01 


5, 


.190e- 


11 


1 


.34e 


-02 


8 8 


E2 


5237, 


52 


2 


.5466 


-03 


4 


.9926- 


13 


9 


.046 


-06 


8 8 


E2 


5034, 


99 


3 


.9836 


-01 


6 


.5886- 


11 


2 


.296 


-02 


8 8 


E2 


5238. 


,76 


2 


.377e 


-02 


3, 


.474e- 


12 


8, 


.43e 


-04 


10 6 


E2 


5031. 


73 


2 


.0806 


-01 


2, 


.7826- 


11 


1 


.206 


-02 


10 8 


E2 


5235. 


22 


4, 


.3976 


-02 


5, 


.1366- 


12 


1 


.676 


-03 


12 8 


E2 


5222, 


29 


1 


.4446 


-02 


1 


.4196- 


12 


5 


.216 


-04 


8 6 


Ml 


5033. 


85 


3 


.9746 


-03 


5 


.3496- 


10 


1 


.406 


-01 


6 8 


Ml 


5237. 


,52 


6, 


.622e 


-04 


8, 


.539e- 


11 


1 


.66e 


-02 


8 6 


Ml 


5034. 


,99 


1 


.315e 


-02 


1 


.326e- 


09 


4, 


.63e 


-01 


8 8 


Ml 


5238. 


,78 


3 


.6186 


-03 


3 


.3986- 


10 


8 


.266 


-02 


10 8 


Ml 


5235, 


22 


2 


,4216- 


-02 


1 


,869e- 


09 


5 


,69e 


-01 



3d° 
*G 



iG - 3d' iF 



*F 6 


4 


E2 


4869. 


,52 


1 


.909e+00 


4, 


.693e- 


10 


1 


.96e 


-01 


6 


6 


E2 


4869. 


,31 


9 


.1106-01 


2, 


.2396- 


10 


8 


.216 


-02 


6 


8 


E2 


4903. 


35 


1 


.3356-01 


3 


.1966- 


11 


8 


.696 


-03 


6 


10 


E2 


4921, 


38 


2 


.290e-03 


5 


.400e- 


13 


8 


.88e 


-06 


8 


4 


E2 


4870, 


59 


7, 


.7106-01 


1 


.4136- 


10 


7 


.886 


-02 


8 


6 


E2 


4870, 


,37 


1 


.6976+00 


2, 


.9286- 


10 


1 


.096 


-01 


8 


8 


E2 


4904, 


,44 


1 


.445e+00 


2, 


.580e- 


10 


7, 


.13e 


-02 


8 


10 


E2 


4922, 


,47 


1 


.Olle-01 


1 


.778e- 


11 


3 


.92e 


-03 


10 


6 


E2 


4867, 


32 


8 


.689e-01 


1 


.273e- 


10 


5 


.94e 


-02 


10 


8 


E2 


4901, 


,34 


3 


.128e+00 


4 


.462e- 


10 


1 


.66e 


-01 


10 


10 


E2 


4919. 


35 


1 


.2196+00 


1 


.7136- 


10 


4, 


.746 


-02 


12 


8 


E2 


4890. 


,00 


8, 


.714e-01 


1 


.046e- 


10 


4, 


.36e 


-02 


12 


10 


E2 


4907. 


,93 


5, 


.680e+00 


6, 


.714e- 


10 


2 


.23e 


-01 


6 


4 


Ml 


4869. 


,52 


2 


.683e-03 


3 


.731e- 


10 


1 


.67e 


-01 


6 


6 


Ml 


4869. 


,31 


7 


.369e-03 


1 


.026e- 


09 


2 


.87e 


-01 


8 


8 


Ml 


4903. 


35 


5 


.4726-04 


7, 


.5436- 


11 


1 


.686 


-02 


8 


6 


Ml 


4870. 


,37 


5, 


.364e-04 


5, 


.584e- 


11 


2 


.09e 


-02 
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Multiplet 
Terms 



Multiplet 



3d^ gG 



Sd" iG 
^G =S 
Sd" iG 



3(f iG 



3d^ 

4q 2p 



9i 


5fc 


Type 


A (A) 




S 










Aui ( 




Terms 


Oi 


Si, Type 


A (A) 




S 






fih 




Ahi ( 




8 


8 


Ml 




44 


5 


.464e 


-03 


5, 


.627e- 


10 






-01 






6 


4 


Ml 


1474.56 


3 


.684e 


-10 


1 


.639e- 


16 




.6 e 


-07 


8 


10 


Ml 


4922 


47 


5 


.634e 


-04 


5 


.682e- 


11 




25e 


-02 


3d 


4^ 
iG 




3d" 


lP> 
























10 


8 


Ml 


4901 


.34 


1 


.797e 


-03 


1 


.482e- 


10 




.14e 


-02 


V 


D 


6 


4 


E2 


1318, 


.63 


1 


.292e 


-03 


1 


.687e— 


11 


9 


. 16e 


—02 


10 


10 


Ml 


4919 


.35 


3 


.237e 


-03 


2, 


.658e- 


10 


7 


.33e 


-02 






6 


6 


E2 


1316 


.81 


3 


.319e 


-04 


4 


.071e- 


12 


1 


.57e 


-02 


12 


10 


Ml 


4907 


.93 


7, 


.OlOe 


-03 


4, 


.811e- 


10 


\ 


.60e 


-01 






8 


4 


E2 


1316 


.61 


2 


.473e 


-04 


2, 


.275e- 


12 


1 


. 75e 


-02 


- 3ci 


i 


H 




























8 


6 


E2 


1316 


.89 


7 


.276e 


-04 


6 


.682e- 


12 


3 


.43e 


-02 


6 


10 


E2 


'1200 


.27 


fi 


.272e 


-07 


2 


.376e— 


16 


5 


.32e 


—08 






10 6 


E2 


1316.67 


6 


.7296 


-06 


4 


.9436— 


13 


3 


.176 


—03 


8 


10 


E2 


4210 


.07 




.194e 


-04 


1 


.468e— 


13 


4 


.40e 


—05 






6 


4 


Ml 


1316 


.53 


3 


.427e 


-08 


1 


.7556— 


14 


1 


.Ole 


-04 


8 


12 


E2 


4155 


.74 


1 


.116e 


-05 


3 


.288e- 


15 


8 


.41e 


-07 






6 


6 
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Ml 


1633 


.21 


2 


.922e 


—05 


3 


.616e— 


11 


9 


.OBe 


—02 






2 


4 


Ml 


1633 


.42 


1 


.454e 


—05 


1 


,799e— 


11 


2 


.2Be 


—02 






4 


2 


Ml 


1634 


.31 


1 


.171e 


—04 


7 


238e— 


11 


3 


.62e 


—01 






4 


4 


Ml 


1634 


.53 


5 


.154e 


—06 


3 


.186e— 


12 


7 


.96e 


—03 






6 


4 


Ml 


1634 


.44 


1 


.793e 


—04 


7 


.390e— 


11 


2 


.77e 


—01 


3d 


si) 


























'^D 




2 


4 


E2 


1441 


.72 


7 


.743e 


—06 


2 


, 168e— 


13 


3 


.48e 


—04 






2 


6 


E2 


1442 


.06 


5 


.363e 


-06 


;^ 


.498e— 


13 




.61e 


—04 






4 


4 


E2 


1442 


.58 


1 


.324e 


-04 


1 


.849e- 


12 


5 


.93e 


-03 






4 


6 


E2 


1442, 


.92 


1 


.020e 


-05 


1 


.422e- 


13 


3 


.04e 


-04 






6 


4 


E2 


1442 


.52 


5 


.921e 


-05 


B 


.B13e- 


13 


2 


.6Be 


-03 






6 


6 


E2 


1442 


.86 


5, 


.050e 


-04 


4 


.694e- 


12 


1 


.51e 


-02 






8 


4 


E2 


1439 


.29 


1 


.901e 


-04 


1 


.339e- 


12 


8 


.62e 


-03 






8 


6 


E2 


1439 


.82 


1 


.762e 


-03 


1 


.238e- 


11 


5 


.32e 


-02 






2 


4 


Ml 


1441 


.72 


7, 


.944e 


-07 


1 


.114e- 


12 


1 


.79e 


-03 






4 


4 


Ml 


1442 


.68 


1 


.990e 


-06 


1 


.394e- 


12 


4 


.47e 


-03 






4 


6 


Ml 


1442 


.92 


1 


.677e 


-07 


1 


.174e- 


13 


2 


.51e 


-04 






6 


4 


Ml 


1442 


.52 


5, 


.472e 


-06 


2, 


.555e- 


12 


1 


.23e 


-02 






6 


6 


Ml 


1442, 


.86 


1 


.38Be 


-05 


8, 


.484e- 


12 


2 


.07e 


-02 






8 


6 


Ml 


1439, 


.62 


3, 


.316e 


-06 


1 


.164e- 


12 


5, 


.OOe 


-03 


3d^ 


1/ - 


- 3d 


5 2r 


























2/ 


=/ 


12 


14 


Ml 


8.40e+06 


8 


.401e+00 


1 


.790e- 


09 


2 


.08e 


-08 


3d^ 


il - 


- 3d 


5 iF 


























2/ 




12 


8 


E2 


23171 


.75 


1 


.030e 


-03 


1 


.157e- 


15 


2 


.16e 


-08 


3d^ 


il ■ 


- 3d 




























2j 


ip 


12 


8 


E2 


17803 


.73 


1 


.607e 


-04 


4 


.015e- 


16 




26 


-08 






12 


10 


E2 


18043 


.70 


1 


.193e 


-03 


2, 


.822e- 


15 


6 


.98e 


-08 






12 


10 


Ml 


18043 


.70 


2 


.761e 


-05 


5 


.145e- 


13 


1 


.27e 


-05 


3d^ 


gl 


- 3d 


= gH 
























2/ 




12 


10 


E2 


11136 


.23 


8, 


.665e 


-01 


8 


.876e- 


12 


6 


.67e 


-04 






12 


12 


E2 


10764, 


.03 


3, 


.890e 


-02 


4, 


.435e- 


13 


2, 


.51e 


-05 






14 


10 


E2 


11151 


.01 


2 


.384e 


-02 


2, 


.036e- 


13 


1 


.55e 


-05 






14 


12 


E2 


10777 


.84 


1 


.040e+00 


9 


.897e- 


12 


6 


.68e 


-04 






12 


10 


Ml 


11136 


.23 


4 


.189e 


-02 


1 


.272e- 


09 


8 


.18e 


-02 






12 


12 


Ml 


10764, 


.03 


1 


.120e 


-01 


3, 


.524e- 


09 


2 


.02e 


-01 






14 


12 


Ml 


10777, 


.84 


6, 


.014e 


-02 


1 


.608e- 


09 


1 


.08e 


-01 


3d^ 


BJ 


- 3d 


6 2^ 




























=G 


12 


8 


E2 


9681 


.10 


1 


.339e 


-02 


2 


.065e- 


13 


2, 


.20e 


-05 






12 


10 


E2 


9396 


.20 


4 


.397e 


-02 


7, 


.458e- 


13 


6 


.72e 


-05 






14 


10 


E2 


9406 


.72 


6 


.312e 


-03 


8 


.964e- 


14 


9 


.60e 


-06 






12 


10 


Ml 


9398 


.20 


8 


.852e 


-03 


3, 


.181e- 


10 


2 


.88e 


-02 



Multiplet 
Terms Qi 



3d° il 



3d° 



3d' gF 
12 8 E2 
- 3d= |G 



70.54.28 6.011e-02 2.396e-12 4.82e-04 



3d'' iD 
3d'' 



3d'' |Z) 



- 3d'' 
4 6 
4 8 



Ml 



E2 
E2 



1.96e+05 1.836e+00 7.204e-09 1.64e-03 



3d° iD 
=n *F 



3d° 
3d'' 



3d° iD 
'^D ^P 



3d'' iD 
■"D =S 



3d'' iD 
^P) ^P) 



3d'= iD 



12 


8 


E2 


2791 


.84 


6 


.024e+00 


3. 


,888e- 


09 


4. 


,97e+00 




12 


10 


E2 


2792 


.02 


2 


.267e-01 


1. 


,457e- 


10 


1. 


,50e-01 


3d'' 


14 


10 


E2 


2792 


.96 


7, 


.393e+00 


4. 


,046e- 


09 


4. 


,87e+00 


=P 


12 


10 


Ml 


2792 


.02 


1 


.965e-07 


2. 


,360e- 


14 


2. 


,42e-05 


3d'' 



3d= |P> 
=P ''G 



Sd" iD 
^D 



iF 

=p 

iF 
*F 



Type 


A (A) 




S 






fiU 




Ahi ( 




E2 


38092.34 


3 


.266e 


-03 


1. 


,698e- 


15 


7.60e 


-09 


E2 


53975.28 


2 


.931e 


-01 


4. 


877e- 


14 


8.96e 


-08 


Ml 


47274.62 


8 


.928e 


-01 


1. 


,866e- 


08 


3.80e 


-02 


Ml 


38092.34 


9 


.279e 


-01 


1. 


8B6e- 


08 


7.5Be 


-02 


Ml 


5397B.28 


8 


.081e 


-01 


9. 


842e- 


09 


1.73e 


-02 



- 3d° sP 

4 4 E2 
4 6 E2 
4 8 E2 
6 4 E2 
6 6 E2 
6 8 E2 
6 10 E2 
4 4 Ml 
4 6 Ml 
6 4 Ml 
6 6 Ml 
6 8 Ml 

- 3d'' Sh 

6 10 E2 

- 3d'' ia 

4 8 E2 
6 8 E2 
6 10 E2 
6 8 Ml 

- 3d'' |P 

4 6 E2 
4 8 E2 
6 6 E2 
6 8 E2 
4 6 Ml 
6 6 Ml 
6 8 Ml 

- 3d'' is 

4 2 E2 
6 2 E2 
4 2 Ml 

- 3d'' |P) 
4 



3d^ 



3d'' 



47274.62 1.684e-01 5.867e- 
74471.26 3.681e-02 2.871e- 



14 1.25e-07 

15 2.25e-09 



E2 
E2 
E2 
E2 
Ml 
Ml 
Ml 
Ml 
'■G 
8 E2 
8 E2 
10 E2 
8 Ml 

E2 
E2 
E2 
E2 
Ml 
Ml 
Ml 
'PI 
E2 
E2 
E2 
E2 
Ml 
Ml 
Ml 
Ml 
'F 
6 Ml 
Sd" iF 
4 E2 
6 E2 
4 Ml 
6 Ml 
8 Ml 



- 3d° 
4 4 



3d 



4 

6 



3B897.62 
3B886.03 
37821.48 
30343.49 
30335.20 
31706.78 
32475.97 
35897.62 
3B886.03 
30343.49 
3033B.20 
31708.78 



6.909e- 
2.408e- 
1..349e- 
8.416e- 
2.891e- 
1.407e- 
1.737e- 
1.144e- 
2.657e- 
2.293e- 
2.880e- 
2.183e- 



04 B.890e- 

02 2.0B2e- 
04 1.074e- 

03 8.545e- 

04 2.934e- 

03 1.205e- 

04 1.349e- 

01 3.155e- 

02 7.328e- 
07 B.llBe- 
01 8.424e- 
01 4.804e- 



16 3, 

14 7, 
16 2. 

15 9. 

16 2. 
IB 6. 
16 B. 



2Se-09 
5Se-08 
80e-10 
16e-08 
lOe-09 
15e-09 
38e-10 
67e-02 
58e-03 
53e-08 
64e-02 
31e-02 



1B344.9B 2.90Be-04 2.243e-lB 3.82e-08 



13593. 


24 


4, 


.602e 


-04 


7, 


.347e- 


15 


1 


.39e 


-07 


12712. 


13 


1 


.557e 


-03 


2, 


.090e- 


14 


8 


.576 


-07 


12225. 


39 


9 


.187e 


-06 


1 


.397e- 


15 


3 


.77e 


-08 


12712. 


13 


1 


.16Be 


—03 


8 


.147e— 


11 


1 


.91e 


-03 


■ 


87 













14 




.186 


-06 


■ 


^6 


7 


35Q^ 







91 


14 




.826 


-06 








■ ^ 






149^^ 






.96e 


-03 


8537 


60 




075e 


02 




706e^ 


12 




.87e 


-04 


9004. 


,87 


3 


.18Be 


-03 


3, 


.B30e- 


10 


1 


.966 


-02 


8809. 


B8 


4, 


.479e 


-04 


3, 


.485e- 


11 


3 


.15e 


-03 


8B37, 


80 


2 


.764e 


-03 


2 


.175e- 


10 


1 


.50e 


-02 


B999. 


,27 


9 


.8456 


-03 


1 


.875e— 


12 


7, 


.096 


-04 


B821. 


20 


6 


.244e 


-03 


8 


.794e— 


13 


B 


.236 


-04 


5999. 


,27 


1 


.702e 


-06 


2 


.849e— 


13 


1 


.06e 


-04 


4158. 


83 


B 


.148e 


-01 


2 


.982e— 


10 


1 


.166 


-01 


4162. 


,53 


2, 


.204e 


-01 


1, 


.276e- 


10 


3, 


.33e 


-02 


4072. 


,47 


2 


.207e 


-01 


9 


.lOOe- 


11 


5 


.62e 


-02 


4066. 


,43 


5 


.953e 


-01 


2 


.469e- 


10 


9 


.99e 


-02 


4158. 


83 


2 


.600e 


-07 


6 


.291e- 


14 


2 


.446 


-05 


4152. 


,B3 


8 


.52Be 


-07 


1 


.B82e- 


13 


4, 


.106 


-06 


4072. 


,47 


4, 


.897e 


-09 


8, 


.091e- 


16 


4, 


.89e 


-07 


4066. 


,43 


1 


.188e 


-06 


1 


.967e- 


12 


7 


.94e 


-04 


3044. 


B2 


4, 


.787e 


-01 


7, 


.076e- 


10 


2 


.56e 


-01 


2997. 


,98 


5, 


.284e 


-02 


5, 


.489e- 


11 


3, 


.06e 


-02 


2998. 


,20 


4, 


.846e 


-01 


5, 


.013e- 


10 


2 


.24e 


-01 


2997. 


98 


B 


.894e 


-07 


1 


.325e- 


13 


7 


.386 


-05 


1997. 


,02 


3 


.919e 


-01 


2 


.051e- 


09 


6, 


.91e+00 


1997. 


34 


3 


.947e 


-01 


2, 


.085e- 


09 


3 


.486+00 


1976. 


89 


2 


.033e 


-01 


7, 


.341e- 


10 


3 


.776+00 


1977, 


20 


7 


.321e 


-01 


2, 


.644e- 


09 


6 


.786+00 


1997. 


02 


9 


.484e 


-06 


4 


.789e- 


12 


1 


.61e 


-02 


1997. 


,34 


3, 


.886e 


-06 


1 


.963e- 


11 


3, 


.29e 


-02 


1977. 


20 


1 


.273e 


-05 


4, 


.336e- 


12 


1 


.lie 


-02 


1718, 


01 


2 


.966e 


-04 


2 


.441e- 


12 





.55e 


-03 


1718, 


49 


1 


.084e 


-04 


8 


.9056- 


13 


1 


.356 


-03 


1703. 


,09 


1 


.362e 


-01 


7, 


.642e- 


10 


2 


.64e+00 


1703. 


B8 


4, 


.868e 


-02 


2, 


.746e- 


10 


8, 


.336 


-01 


1718. 


,01 


1 


.167e 


-06 


6 


.798e- 


12 


1 


.64e 


-02 


1718. 


,49 


4 


.333e 


-06 


2, 


.543e- 


12 


3 


.84e 


-03 


1703. 


09 


7 


.459e 


-06 


2, 


.9506- 


12 


1 


.026 


-02 


1703. 


B6 


6 


.677e 


-05 


2, 


.6396- 


11 


6 


.076 


-02 


1.29e+06 


2 


.674e+00 


1 


.132e- 


08 


5 


.64e 


-03 


69304.87 


4, 


.024e 


-03 


2, 


.8446- 


18 


7, 


.056 


-10 


69261.67 


4 


.068e 


-02 


2, 


.866e- 


15 


4 


.76e 


-09 


1.49e+05 


1 


.36Be+00 


6 


.0906- 


09 


2 


.776 


-03 


1.49e+05 


2 


.716e 


-02 


1 


.2116- 


10 


3 


.696 


-05 


1.89e+06 


1 


.861e+00 


6, 


.017e- 


09 


9, 


.27e 


-04 



Continued 
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Multiple* 
Terms Qi gt, 



Type A (A) 



Multiplet 
Terms Qi 



Type A (A) 



id" iF ■ 



3d° ^F 



3d° 4F 
'^p ^p 



1 6 Ml 

I 8 Ml 

1 10 Ml 

3d= iH 

I 10 E2 

1 10 E2 

I 12 E2 

I 10 Ml 



3d° iF 

3d'' iF 
'^F '^D 



ad" 4f 
^F =G 



3d° ^F 



3d° ^F 
''P '^D 



- 3d= 5^5 

6 2 E2 

- 3d' iD 



ad" 
*F 



ad" 

*F 



,67 


5, 


.433e 


-02 


4. 


116e- 


10 


7, 


.35e 


-04 


8 


10 


Ml 


19897. 


33 


7, 


.078e 


-02 


1 


.800e- 


09 


2 


.42e 


-02 


14 


1 


.1086 


-02 


7. 


382e- 


11 


8, 


.226 


-OB 


10 


8 


Ml 


20888. 


80 


8 


.3696 


-03 


1 


.8226- 


10 


3 


.096 


-03 


,82 


1 


.452e 


-01 


8. 


,925e- 


10 


7, 


.23e 


-04 


10 


10 


Ml 


19605. 


,92 


1 


.545e 


-01 


3, 


.207e- 


09 


5, 


.53e 


-02 



,37 


6 


.804e 


-03 


1 


.096e- 


14 


6 


.80e 


-08 


,36 


6 


.425e 


-03 


1 


.399e- 


14 


1 


.59e 


-07 


12 


4 


.5766 


-02 


1 


.2196- 


13 


1 


.306 


-08 


36 


1 


.0846 


-03 


2, 


.6736- 


11 


2, 


.976 


-04 



8 


E2 


19079 


.24 


2 


.1876 


-06 


8. 


501e- 


18 


1, 


2l6 


-10 


10 


E2 


18003 


.42 


1 


.230e 


-03 


5. 


761e- 


15 


7. 


28e 


-08 


8 


E2 


18628 


.42 


1 


.0126 


-03 


4. 


8236- 


16 


1. 


lie 


-07 


10 


E2 


15805, 


.28 


1 


.692e 


-03 


9. 


,087e- 


15 


1. 


,92e 


-07 


8 


Ml 


19079 


.24 


3 


.867e 


-02 


1. 


,350e- 


09 


1, 


,88e 


-02 


8 


Ml 


16628 


.42 


3 


.0266 


-02 


9. 


202e- 


10 


2, 


226 


-02 


10 


Ml 


15805 


.28 


9 


.6496 


-03 


3. 


0646- 


10 


6. 


526 


-03 



6 


6 


E2 


11123 


.72 


9 


.7926-01 


1 


.9306- 


11 


1 


.076 


-03 


6 


8 


E2 


11003 


.88 


1 


.8256-01 


3 


.7556- 


12 


1 


.586 


-04 


8 


6 


E2 


10243 


.49 


2 


.6886-01 


5 


.2046- 


12 


4 


.456 


-04 


8 


8 


E2 


10141 


.78 


2 


.175e+00 


4, 


.380e- 


11 


2, 


.84e 


-03 


6 


6 


Ml 


11123 


.72 


2 


.448e-03 


1 


.468e- 


10 


8, 


.OOe 


-03 


6 


8 


Ml 


11003 


.88 


2 


.5286-02 


1 


.6376- 


09 


8, 


.406 


-02 


8 


6 


Ml 


10243, 


.49 


9, 


.986e-03 


4, 


.914e- 


10 


4, 


.18e 


-02 


8 


8 


Ml 


10141 


.78 


3 


.006e-04 


1 


.498e- 


11 


9, 


.71e 


-04 



8871.25 2.2736-03 1.9356-13 8.316-06 



6 


4 


E2 


4.-,,-i0 


98 


8 


.280e 


-03 


2 


.422e- 


12 


1 


.18e 


-03 


6 


6 


E2 


4r,52 


,41 


2 


.5336 


-01 


7 


.4616- 


11 


2 


.426 


-02 


8 


4 


E2 


4404 


.82 


3 


.4276 


-02 


8 


.4166- 


12 


5 


.796 


-03 


8 


6 


E2 


4397 


.75 


1 


.208e 


-02 


2, 


.987e- 


12 


1 


.37e 


-03 


6 


4 


Ml 


4559 


.98 


1 


.016e 


-04 


1 


.497e- 


11 


7, 


.22e 


-03 


6 


6 


Ml 


4652, 


.41 


1 


.164e 


-04 


1 


.720e- 


11 


5, 


.55e 


-03 


8 


6 


Ml 


4397, 


.75 


2 


.6836 


-04 


3, 


.0866- 


11 


1 


.426 


-02 



6 8 


E2 


32.34 


.09 


9 


.163e-03 


7 


.427e- 


12 


3 


.52e-03 


6 10 


E2 


3254 


.34 


1 


.3496-01 


1 


.0886- 


10 


4, 


.146-02 


8 8 


E2 


3174, 


.29 


7, 


.9846-03 


6, 


.2816- 


12 


3, 


.476-03 


8 10 


E2 


3174, 


.63 


8, 


.879e-04 


5, 


.826e- 


13 


3, 


.08e-04 


6 8 


Ml 


3254 


.09 


2 


.613e-06 


5 


.409e- 


13 


2, 


.56e-04 


8 8 


Ml 


3174 


.29 


2 


.446e-05 


3 


.901e- 


12 


2, 


.58e-03 
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9, 
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9, 
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1 
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E2 
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3 
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2, 
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16 


1 


.206 
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8 


10 


E2 
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.24 


4, 


.0896 
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3, 
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16 


1 


.976 


-08 


8 


12 


E2 


27222 


.74 


1 


.030e 


-02 


1 


.103e- 


14 


6 


.43e 


-08 


10 


10 


E2 


29090 


.06 


1 


.819e 


-03 


1 


.290e- 


15 


9 


.78e 


-09 


10 


12 


E2 


26680 


.18 


4 


.260e 


-02 


3 


.956e- 


14 


2 


.94e 


-07 


8 


10 


Ml 


2!) 736 


,24 


3 


.7376 


-02 


6 


.3886- 


10 


3 


.836 


-03 


10 


10 


Ml 


29000 


,06 


1 


.1196 


-01 


1 


.5766- 


09 


1 


.236 


-02 


10 


12 


Ml 


26680 


.18 


2 


.694e 


-03 


4 


.151e- 


11 


3 


.19e 


-04 


- 3d 


i 


G 
























4 


8 


E2 


21877, 


.53 


3 


.0746 


-05 


1 


.1896- 


16 


8, 


.596 


-10 


6 


10 


E2 


20478 


.37 


1 


.136e 


-04 


3, 


.823e- 


18 


3, 


.63e 


-09 


8 


8 


E2 


21219 


.71 


8 


.2186 


-05 


1 


.7896- 


18 


2, 


.876 


-09 


10 


8 


E2 


20888 


.60 


2 


.489e 


-03 


4 


.621e- 


15 


8 


.76e 


-08 


10 


10 


E2 


19605 


.92 


5 


.1636 


-04 


1 


.172e- 


15 


2 


,006 


-08 


6 


8 


Ml 


21881 


.84 


3 


.2356 


-02 


9 


.8506- 


10 


1 


.046 


-02 


8 


8 


Ml 


21219 


.71 


6, 


.131e 


-02 


1 


.456e- 


09 


2, 


.16e 


-02 
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*F ■'F 



4 


6 


E2 


12020. 


10 


6 


.831e 


-05 


1 


.601e- 


15 


5 


.08e 


-08 


4 


8 


E2 


11880. 


,29 


2 


.572e 


-05 


6 


.316e- 


16 


1 


.62e 


-08 


6 


6 


E2 


12021. 


,40 


1 


.8086 


-01 


2 


.8266- 


12 


1 


.346 


-04 


6 


8 


E2 


11881. 


56 


3 


.4106 


-02 


5 


.5846- 


13 


2 


.026 


-06 


8 


6 


E2 


11818. 


,79 


4 


.377e 


-03 


5 


.478e- 


14 


3 


.54e 


-06 


8 


8 


E2 


11683. 


,61 


4 


.320e 


-02 


5 


.659e- 


13 


2 


.78e 


-05 


10 


6 


E2 


11715. 


,36 


2 


..376e 


-03 


2, 


.673e- 


14 


2 


.18e 


-06 


10 


8 


E2 


11582. 


52 


1 


.0606 


-04 


1 


.1506- 


15 


7 


.126 


-08 


4 


6 


Ml 


12020. 


10 


4 


.3006 


-02 


3 


.5806- 


09 


1 


.116 


-01 


6 


6 


Ml 


12021. 


,40 


7 


.719e 


-03 


4 


.284e- 


10 


2 


.OOe 


-02 


6 


8 


Ml 


11881. 


56 


1 


.2056 


-02 


6 


.7936- 


10 


2 


.426 


-02 


8 


6 


Ml 


11818. 


79 


1 


.4656 


-02 


6 


.2366- 


10 


3 


.996 


-02 


8 


8 


Ml 


11883. 


81 


1 


.573e 


-02 


8, 


.795e- 


10 


3 


.33e 


-02 


10 


8 


Ml 


11682. 


62 


6 


.9426 


-02 


2, 


.0776- 


09 


1 


.296 


-01 
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4 


2 


E2 


7203. 


06 


6 


.0786 


-04 


6 


.7446- 


14 


1 


.766 


-05 


6 


2 


E2 


7203. 


62 


7, 


.7196 


-04 


6, 


.7106- 


14 


2 


.236 


-05 


4 


2 


Ml 


7203. 


,05 


7, 


.872e 


-08 


1 


.lOOe- 


14 


2 


.84e 


-06 




3d'' 


























4 


4 


E2 


4703, 


78 


3 


.121e 


-02 


1 


.249e- 


11 


3 


.79e 


-03 


4 


6 


E2 


4695, 


,72 


1 


,334e 


-02 


5 


.376e- 


12 


1 


.09e 


-03 


6 


4 


E2 


4703. 


,98 


1 


.937e 


-02 


5, 


.169e- 


12 


2 


.36e 


-03 


6 


6 


E2 


4695. 


,92 


1 


.063e 


-01 


2, 


.830e- 


11 


8, 


.61e 


-03 


8 


4 


E2 


4872. 


,84 


7, 


.9516 


-03 


1 


.8326- 


12 


9 


.996 


-04 


8 


6 


E2 


4664. 


68 


4 


.3896 


-08 


9 


.0726- 


18 


3 


.716 


-09 


10 6 


E2 


4648. 


,48 


5 


.458e 


-02 


9 


.154e- 


12 


4 


.69e 


-03 


4 


4 


Ml 


4703. 


78 


3 


.0486 


-06 


8, 


.6346- 


13 


1 


.976 


-04 


4 


6 


Ml 


4695. 


,72 


3, 


.846e 


-06 


8, 


.264e- 


12 


1 


.67e 


-03 


6 


4 


Ml 


4703. 


98 


2 


.8216 


-05 


4, 


.0316- 


12 


1 


.836 


-03 


6 


6 


Ml 


4896. 


92 


1 


.9136 


-05 


2, 


.7416- 


12 


8 


.316 


-04 


8 


6 


Ml 


4664. 


,68 


2 


.724e 


-06 


2, 


.951e- 


12 


1 


.21e 


-03 




3d'' 


iG 

























*F 


=<3 


4 


8 


E2 


3328. 


88 


3 


.I486 


-02 


3, 


.6856- 


11 


1 


.086 


-02 






6 


8 


E2 


3326. 


,76 


3, 


.048e 


-04 


2 


.314e- 


13 


1 


.06e 


-04 






6 


10 


E2 


3327. 


,02 


8, 


.334e 


-02 


6 


.298e- 


11 


2 


.29e 


-02 






8 


8 


E2 


3311. 


,05 


1 


.692e 


-02 


9 


.809e- 


12 


5 


.95e 
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8 


10 


E2 


3311. 


31 


1 


.3316 
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7, 


.6836- 


13 


3 


.746 
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10 


8 


E2 


3302. 


88 


6 


.4736 
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2, 


.6846- 


12 


1 


.956 
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10 


10 


E2 


3303. 


14 


7, 


.799e 
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3, 


.637e- 


11 


2 


.22e 
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6 


8 


Ml 


3326. 


,76 


2 


.1026 
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4 


.2576- 


13 


1 


.926 
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8 


8 


Ml 


3311. 


05 


4 


.7906 
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7, 


.3206- 


14 


4 
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10 


Ml 
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2 
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1 
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3 
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E2 
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6 
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11 


1 
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10 
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E2 
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4, 
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1 


.2286- 
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12 10 


E2 


73942 


.62 


3 


.485e+00 


1 


.127e- 


13 


1 


.77e 
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Ml 


74090 
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7 
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.1026- 


09 


6 


.386 
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Ml 
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.91 


1 
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1 


.023e— 
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1 
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E2 


19614 
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12 


1 
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E2 
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.20 
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13 
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E2 
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E2 
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.92 
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1 
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11 


7, 


.81e 
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E2 
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.26 


6 


.6396—01 


2 


.1146- 


10 


1 


.026 
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12 8 


E2 


3769 


.63 


8 


.8668—02 


2 


.3126— 


11 


1 


.636 


—02 






12 10 


E2 


3769, 


.87 


7, 


.643e-03 


1 


.958e- 


12 


1 
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-03 






10 8 


Ml 


3725, 


.92 


8, 


.920e-04 


9, 
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11 


5, 


.81e 
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Ml 
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.26 
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12 


6, 
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12 


7, 
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E2 
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E2 


26677, 


.34 


3 
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4 
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15 


g 
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E2 
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Q 
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7 
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16 


7 


.68e 
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10 6 


E2 
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3 
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2 
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13 


2 
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E2 
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2 
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14 


2 
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Ml 
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.34 
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8 8 


Ml 


26998 


.34 


2 


.4656—03 


4, 


.7926— 


11 


4, 


.736 


-04 






10 8 


Ml 


28302 


.96 


4 


.305e— 03 


6 


.118e- 


11 


6 


.40e 


-04 


3d' 


IG 


- 3d' g 


D 






















=G 




8 4 


E2 


6992 


.11 


2 


.3296+00 


2, 


.2726- 


10 


8, 


.446 


-02 






8 6 


E2 


6979 


.04 


2 


.981e— 01 


2, 


.933e- 


11 


7, 


.28e 


-03 






10 6 


E2 


6093 


.14 


2 


.811e+00 


2, 


.083e- 


10 


6, 


.26e 


-02 






8 6 


Ml 


5979 


.04 


8 


.439e— 06 


7 


.139e— 


13 


1 


.77e 


—04 


3d' 




- 3d' g 


G 
























=G 


8 8 


E2 


3923, 


.21 


3 


.061e+00 


1 


.066e- 


09 


4, 


.60e 


-01 






8 10 


E2 


3923, 


.68 


3, 


.079e-01 


1 


.070e- 


10 


3, 


.71e 


-02 






10 8 


E2 


3972 


.02 


2 


.3676-01 


6, 


.3606- 


11 


3, 


.366 


-02 






10 10 


E2 


3972 


.40 


3 


.2286+00 


8 


.6246- 


10 


3 


.656 


-01 






8 8 


Ml 


3923 


.21 


4 


.681e-06 


5 


.912e- 


13 


2, 


.56e 


-04 






8 10 


Ml 


3923 


.68 


6 


.7706-03 


7, 


.4336- 


10 


2, 


.686 


-01 






10 8 


Ml 


3972, 


.02 


5, 


.160e-03 


5, 


.247e- 


10 


2 


.77e 


-01 






10 10 


Ml 


3972 


.40 


3 


.9626-06 


4, 


.0306- 


13 


1 


.716 


-04 


3d' 


iG 


- 3d' i 


P 






















=G 


2p 


8 4 


E2 


2341 


.37 


2 


.960e-03 


4, 


.840e- 


12 


1 


.18e 


-02 


3d' 


iG 


- 3d' 1 


D 






















=G 




8 4 


E2 


1966 


.56 


7 


.672e-04 


2 


.118e- 


12 


7, 


.30e 


-03 






8 6 


E2 


1967, 


.18 


8 


.908e-03 


1 


.626e- 


11 


3 


.74e 


-02 






10 6 


E2 


1979, 


.38 


1 


.671e-03 


3, 


.392e- 


12 


9, 


.65e 


-03 






8 6 


Ml 


1967, 


.18 


1 


.327e-06 


3, 


.409e- 


13 


7, 


.84e 


-04 


3d' 


iF 


- 3d' i 


F 
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6 8 


Ml 


1.02e+06 


3 


.436e+00 


2, 


.971e- 


09 


1 


.09e 
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3d' 


iF 


— 3d^^ 3 
























2p 
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E2 
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.97 
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